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R474TGF-b as a signal that regulates Scx
expression to increase secretion of
matrix components. However, an
important question that remains open
is how the mechanical signal is
translated to activate the TGF-b
signaling pathway.References
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Neuro-Immuno ConnectionsThe innate immune system maintains health and fitness during infection by
eliminating infectious agents and by limiting damage caused by pathogens or
immune activation. The nervous system contributes to innate immunity by
modulating the expression of antimicrobial peptides and by regulating the
unfolded protein response.Man-Wah Tan
Infectious agents can present
challenges with life-or-death
consequences to eukaryotes. The host
has evolved two means of maintaining
health and fitness during infection:
resistance and tolerance [1,2].
Resistance is achieved by elimination
of the source of the problem, either by
killing the pathogen or by limiting its
growth. Tolerance (not to be confused
with immunological tolerance) is
effected by limiting the direct damage
inflicted on the host by a pathogen or
the collateral damage to host tissues
caused by the immune response.
The concepts of resistance and
tolerance, while long-recognized by
plant biologists and involving discrete
mechanisms of plant defense, areonly beginning to be appreciated
in studies of animal immunity [2].
Recent studies of host defense in
Caenorhabditis elegans that have
examined immune responses in intact
organisms indicate that neuronal
signaling regulates resistance and that
the unfolded protein response (UPR)
contributes to tolerance. A recent study
reported in Science by Sun et al. [3]
suggests that tolerance mediated by
the UPR also has neuronal origins.
Neural regulation of the insulin-like
peptide is well-known and occurs
through the insulin-like receptor DAF-2
[4]. Another neuropeptide, DBL-1,
activates a transforming growth factor
b (TGF-b) pathway and induces
antimicrobial peptide expression in the
epidermis [5]. Because both the insulin
and TGF-b pathways regulate theexpression of antimicrobial peptides,
they likely contribute to immune
function by eliminating the invading
pathogens. In contrast, chronic
secretion from neuronal dense core
vesicles causes immune suppression
and increased susceptibility to the
human pathogen Pseudomonas
aeruginosa. This effect is mediated by
a neuronal insulin-like peptide, INS-7,
which acts on intestinal DAF-2 to
suppress the expression of
antimicrobial peptides [4]. The
importance of this neuro-immuno axis
in host defense is underscored by the
discovery that P. aeruginosa further
suppresses antimicrobial gene
expression by inducing ins-7
expression [6].
The UPR consists of a set of three
primary responses, which help cells
maintain homeostasis when misfolded
proteins accumulate in the
endoplasmic reticulum (ER). First,
protein synthesis and translocation into
the ER are lowered. Second, the
expression of chaperones that aid in
protein folding is increased. Third, the
degradative capacity of the cells is
increased to eliminate misfolded
proteins. UPR signaling is mediated by
three distinct and highly conserved
Dispatch
R475branches, represented in C. elegans
by inositol-requiring protein 1 (IRE-1),
X-box binding protein (XBP-1),
pancreatic ER kinase (PEK-1) and
activating transcription factor (ATF-6)
[7]. In the absence of the IRE-1–XBP-1
response, acute ER stress also induces
a set of related abu (activated in
blocked unfolded protein response)
genes, which are restricted to
caenorhabditid nematodes [8].
ER stress and the UPR can also be
triggered by exogenous agents and are
associated with immunity in plants [9]
and animals [10]. In C. elegans, the
UPR is required for protection from
both pore-forming toxins [11] and
P. aeruginosa [12]. Both the pathogen
and the toxins activate the p38mitogen
activated protein kinase (MAPK)
pathway. UPR activation by toxins is
principally mediated by IRE-1–XBP-1
and functions downstream of PMK-1,
the C. elegans p38 MAPK ortholog.
The UPR provides protection from the
toxins by preparing the cell to handle
the dramatic change in protein load
in the ER that occurs as the result of
toxin-induced leakage of cytoplasmic
contents into the ER, and/or by
facilitating the increase in phospholipid
biogenesis [11]. In contrast, XBP-1 is
dispensable for protection from
P. aeruginosa in adult C. elegans [11].
During development, however, XBP-1
is essential to protect the host from
lethal P. aeruginosa infection when
PMK-1 activation occurs. Interestingly,
although xbp-1 mutants are highly
susceptible to P. aeruginosa, they do
not accumulate more bacteria than
wild-type animals. Thus, the UPR likely
contributes primarily to tolerance to
toxins and bacterial infections [12].
OCTR-1 is a G-protein-coupled
octopamine receptor; it binds
octopamine with high affinity and
octr-1 mutants fail to respond
to octopamine [13]. The ASH sensory
neurons, in which OCTR-1 acts, detect
environmental cues, such as osmotic,
mechanical and chemical stimuli.
In the new study, Sun et al. [3]
demonstrate that OCTR-1 functions
to suppress the ability of C. elegans
to survive bacterial infections. They
provide evidence that enhanced
survival of octr-1 mutants is triggered
by enhanced activity of the p38 MAPK
signaling and abu-associated UPR,
which they termed the ‘non-canonical
UPR’. Gene expression and double
mutant analyses suggest that OCTR-1
suppresses both p38 MAPK signalingand the abu-associated UPR.
Interestingly, the non-canonical UPR
was mediated by the apoptotic
engulfment receptor CED-1; it remains
to be determined whether this process
affects the UPR through any of the
three conserved signaling branches.
Although the octr-1mutants survived
longer in the presence of P. aeruginosa
and Salmonella enterica, their ability
to limit bacterial growth within the
intestinal tracts was indistinguishable
from wild-type worms, suggesting that
they were more tolerant rather than
resistant to infection [3]. It will be
informative to determine whether the
octr-1 mutant sustains less damage as
a consequence of infection, or whether
there is a fitness cost associated with
increased tolerance. In Drosophila,
increased tolerance to S. enterica
conferred by dietary restriction results
in reduced resistance against Listeria
monocytogenes infections [14]. Could
the enhanced tolerance of octr-1 lead
to decreased resistance to other
pathogens, or decreased ability to
withstand other stresses, such as
osmotic or heat stresses? This
question is particularly pertinent given
that loss of the xbp-1-mediated UPR
does not lead to hypersensitivity to
stresses of non-pathogen origin, such
as heavy metals and hydrogen
peroxide [11].
How does OCTR-1 function within
the ASH neurons to regulate responses
to bacterial infection? ASH neurons are
chemosensory neurons that play an
important role in mediating aversive
behavior following detection of
noxious molecules. Octopamine and
OCTR-1 are known to antagonize
serotonin-mediated signaling to
modulate the activity of ASH neurons,
thereby affecting aversive learning
[13,15]. C. elegans has the ability to
associate physiological changes
resulting from exposure to pathogens
with a pathogen-associated molecule.
This ‘associative learning’ is
mediated by serotonin and is another
exquisite example of the bidirectional
communication between the nervous
system and the immune system [16].
OCTR-1 does not appear to affect this
learned immune response [3]. The
precise nature of the stimuli, and the
molecules that mediate OCTR-1
function within the ASH sensory
neurons to affect the expression of abu
genes in pharyngeal and intestinal
tissues that do not synapse with ASH
are unclear. Interestingly, somemutants with defects in osmotic
regulation, such as dpy-9 and osm-11,
exhibit increased survival on pathogen
challenge but have unaltered lifespan
[17], similar to octr-1, suggesting
a possible association between octr-1,
the non-canonical UPR and osmotic
regulation.
Octopamine is also produced by
insects and, like its vertebrate
counterpart norepinephrine,
octopamine mediates stress
responses. During an immune
response, the concentration of
these stress neurohormones
increases. The hormones appear to
enhance immune functions in
insects and have context-dependent
immune-enhancing or -suppressing
effects in vertebrates [18]. If
octopamine affects immunity through
OCTR-1, the well-defined neuronal and
immune pathways of C. elegans will
likely offer the opportunity to further
elucidate how the basic stress–immune
signaling loop impacts host defense.
The French playwright Moliere said,
‘‘The mind has great influence over the
body, and maladies often have their
origin there’’. Studies in host–pathogen
interactions using C. elegans have
hinted at the prescience of these words
and have demonstrated how neuronal
activities and the molecules they
secrete could impact the outcomeof an
infection, by either affecting host
resistance or host tolerance.
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Female Germ CellsPlant germ cells form late in development, but little is known about the
molecular basis for germline specification in plants. Recent results have
identified components of a regulatory pathway controlling female germ cell
determination, including a key transcription factor and some putative signaling
proteins.Yingxiang Wang1 and Hong Ma1,2,3,*
Animal germ cell lineages are
separated from somatic cells in early
embryogenesis, before organogenesis
or even earlier [1]. In Drosophila,
specialized cytoplasmic factors are
localized to the posterior end of the
oocyte, and enclosed into germ cells
before somatic cellularization,
indicating the importance of extremely
early asymmetric cell division. In
mouse, cells in the early embryo are
induced by extracellular signals to
become germ progenitor cells,
highlighting the crucial role of signaling
across the cell membrane. In contrast
to animals, plant germ cells are not
determined in early development but
are derived from somatic cells during
the development of reproductive
organs in the adult plant [2,3]. However,
the mechanism of the transition from
a somatic cell fate to a germline fate in
plants still remains unclear.
In addition, unlike the differentiation
of meiotic products directly into
gametes, the plant meiotic products
are called spores and develop
mitotically into multicellular haploid
organisms called gametophytes, which
carry differentiated germ cells. In
flowering plants, male and female germ
cells originate from archesporial cellsin the male (anther) or female (ovule)
organs, respectively (Figure 1).
In the model plant Arabidopsis
thaliana, this process requires the
SPOROCYTELESS (SPL/NOZZLE)
gene encoding a putative transcription
factor [4], as the splmutants fail to form
the germline in both anthers and
ovules. Another Arabidopsis gene,
WUSCHEL (WUS), which is essential for
stem cell fates in the Arabidopsis shoot
and floral meristems, was found to act
downstream of SPL and is also needed
for integument development [5–7].
However, little else is known about
how the initial germline is specified.
In this issue of Current Biology,
Lieber et al. [8] identify a novel pathway
in which WUS acts in early ovule
development to promote the female
germline. In the Arabidopsis ovule,
a subepidermal cell called the
archesporial cell is somehow specified
to become the megaspore mother cell
(MMC), which undergoes meiosis to
produce one functional megaspore and
three other non-functional cells.WUS is
required for normal ovule development
and its expression was detected in the
portion of the ovule including the
archesporial cell. Because the wus-1
null mutant is severely defective in
meristem activity and cannot produce
any fruit or ovule [5–7], Lieber et al.partially rescued WUS function in the
wus-1 mutant by expressing WUS
using a promoter (CLV1) that drives
expression in the meristem but not
ovules [8]. In this manner, the
transgenic plants had meristems to
generate fruits and ovules, but the
ovules lackedWUS expression. Among
these plants, about 10 percent did not
form megaspore mother cells (MMC) in
the distal region of ovules, indicating
that WUS is indeed required for normal
formation of the female germline.
How does WUS regulate MMC
formation? Because WUS is
a homeodomain-containing
transcription factor, to further
understand the role of WUS in female
germline development, Lieber et al. [8]
searched for genes that depend on
WUS for normal expression and found
a downstream gene, WIH1
(WINDHOSE1). Sequence analyses
revealed that WIH1 encodes a
protein with 82 amino acid residues
and two conserved domains,
a larger amino-terminal domain of
GYPP-motifs, also found in annexins
and able to bind to phospholipids
[9,10], and a smaller carboxy-terminal
region of about 20 residues. The
Arabidopsis genome has two
homologs of WIH1, WIH2 andWIH3.
Compared with WIH3, WIH2 is more
similar to WIH1 in both sequence
and expression pattern.
To test whetherWIH1 andWIH2 are
involved in female reproductive cell
specification, Lieber et al. [8] examined
the spatial expression of WIH1 and
WIH2 during ovule development. Using
fusion genes comprising the WIH
promoters and a GUS reporter gene,
which allowed for greater detection
sensitivity, expression signals were
